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MEMS CAPPING METHOD AND APPARATUS 
FIELD OF THE INVENTION 

5 

The present invention relates generally to Micro-Electromechanical 
System (MEMS), and more particularly to a MEMS capping method and 
apparatus. 

10 

BACKGROUND OF THE INVENTION 

Generally speaking, a Micro-Electromechanical System (MEMS) is a 
highly miniaturized device having both electrical and mechanical components. 

u 15 MEMS devices are typically fabricated on or from a substrate material, such as 
silicon or polysilicon. Various electrical and mechanical structures are formed 

0 using a variety of techniques. 

f% 
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r | The mechanical structures of the MEMS are typically very fragile, and can 

f 20 be easily damaged. Furthermore, the mechanical structures of the MEMS are 

{x sits 

□ typically very sensitive, and can be easily impeded. Many things can affect 

J!t MEMS performance, including dirt, moisture, and even static electricity. 

I J 

Therefore, a cap is typically placed over substantially all of the MEMS 
25 mechanical and electrical components in order to protect the mechanical and 
electrical components of the MEMS. The cap typically includes a cavity for 
protecting the MEMS structures. For convenience, this cavity is referred to 
hereinafter as the MEMS cavity. The cap is bonded onto the MEMS in such a 
way that the MEMS structures to be protected are positioned within the MEMS 
30 cavity. 

MEMS devices are typically produced by forming the electrical and 
mechanical components for multiple MEMS devices on a single MEMS wafer, 
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forming the MEMS cavities for multiple caps on a single cap wafer, bonding the 
cap wafer onto the MEMS wafer, and mechanically cutting through both the 
MEMS wafer and the cap wafer to separate the individual MEMS devices. The 
resulting caps cover substantially all of the MEMS electrical components (except, 
perhaps, electrical bond pads for making electrical connections to the MEMS 
device). This is due in part because the separation of the individual MEMS 
devices must be done in such a way that the mechanical cutting does not cut 
through the MEMS electrical components. 

SUMMARY OF THE INVENTION 

In accordance with one aspect of the invention, a MEMS capping method 
and apparatus uses a cap structure on which is formed a MEMS cavity, a cut 
capture cavity, and a cap wall The cap wall is essentially the outer wall of the 
MEMS cavity and the inner wall of the cut capture cavity. The cap structure is 
bonded onto a MEMS structure such that the MEMS cavity covers protected 
MEMS components. The cap structure is trimmed by cutting through to the cut 
capture cavity from the top of the cap structure without cutting all the way 
through to the MEMS structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

FIG. 1 is a block diagram showing a representation of a cap structure 
having a bottom side with a number of MEMS cavities, a number of cut capture 
cavities, and a number of cap walls in accordance with an embodiment of the 
present invention; 
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FIG. 2 is a cross-sectional view of the cap structure showing the MEMS 
cavities, the cut capture cavities, and the cap walls in accordance with an 
embodiment of the present invention; 

FIG. 3 is a cross-sectional view of the cap structure showing the bonding 
material formed onto the bottom of the cap walls in accordance with an 
embodiment of the present invention; 

FIG. 4 is a cross-sectional view of the cap structure bonded to the MEMS 
structure in accordance with an embodiment of the present invention; 

FIG. 5 is a cross-sectional view of the cap structure bonded to the MEMS 
structure, with the cut capture cavities filled with a protective material in 
accordance with an embodiment of the present invention; 

FIG. 6 is a cross-sectional view showing the intact MEMS structure with 
individual caps bonded appropriately over the MEMS components in accordance 
with an embodiment of the present invention; and 

FIG. 7 is a process diagram describing an exemplary process for 
producing capped MEMS devices in accordance with an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

In an embodiment of the present invention, cut capture cavities are 
formed along with the MEMS cavity in the cap. After being bonded onto the 
MEMS structure, the cap is trimmed by cutting through to the cut capture 
cavities from the top of the cap structure. In this way, the cutting apparatus does 
not cut all the way through to the MEMS structure. 



One advantage of this capping technique is that it reduces potential 
damage to the MEMS electrical components by keeping the cutting apparatus 
away from the MEMS electrical components. The MEMS electrical components 
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can still be damaged, for example, by shavings produced by the cutting 
apparatus as it cuts through the cap material. This damage can be further 
reduced, for example, by filling the cut capture cavities with a protective 
material, such as wax, prior to cutting and removing the protective material after 
cutting. 

Another advantage of this capping technique is that it does not require the 
cap to cover substantially all of the MEMS components. In many applications, it 
is necessary or desirable to leave certain MEMS components uncapped. For 
example, it may be necessary or desirable to leave bond pads, laser trimmable 
resistors, test probe pads, and other MEMS components uncapped so that they 
can be accessed in subsequent processes. 

FIG. 1 shows a representation of a cap structure 100 having a bottom side 
with a number of MEMS cavities 110, a number of cut capture cavities 120, and a 
number of cap walls 130. The cap walls 130 are essentially the outside walls of 
the MEMS cavities 110 and the inside walls of the cut capture cavities 120. It 
should be noted that the present invention is in no way limited to any particular 
shape or formation of MEMS cavities 110 and cut capture cavities 120. It should 
also be noted that the cap structure 100 is typically a cap wafer from which a 
large number of caps are formed. For convenience, only two caps are shown. 

FIG. 2 is a cross-sectional view of the cap structure 100 showing the 
MEMS cavities 110, the cut capture cavities 120, and the cap walls 130. Also 
shown are alignment keys 210 that are typically formed on the top of the caps. 
The alignment keys 210 are typically formed by etching alignment key cavities 
into the top of the cap material. The alignment keys 210 are typically used for 
aligning the cap structure 100 with a MEMS structure to aid in bonding the cap 
structure 100 onto the MEMS structure. Alignment key cavities are typically also 
formed in the MEMS structure to aid in alignment. 
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The MEMS cavities 110, cut capture cavities 120, and cap walls 130 can be 
formed on the bottom of the cap structure 100 using any of a variety of 
techniques, and the present invention is in no way limited to any particular 
5 technique for forming the MEMS cavities 110, cut capture cavities 120, and cap 
walls 130. In one exemplary embodiment of the present invention, the MEMS 
cavities 110, cut capture cavities 120, and cap walls 130 are formed on the bottom 
side of the cap structure 100 by recessing the MEMS cavities 110 and the cut 
capture cavities 120 into the bottom side of the cap structure 100 (e.g., using an 
10 etching technique), leaving the cap walls 130 raised above the MEMS cavities 110 
and cut capture cavities 120. In another exemplary embodiment of the present 
U invention, the MEMS cavities 110, cut capture cavities 120, and cap walls 130 are 
j£j formed by forming raised cap walls 130 onto the bottom side of the cap structure 
lf x 100 (e.g., using a material deposition technique), thereby forming the recessed 

v3 15 MEMS cavities 110 and cut capture cavities 120. 

m 

j\ In an exemplary embodiment of the present invention, the cap wafer is 

y typically fabricated from double sided polished silicon wafers having a thickness 

Ly between 400 and 700 um. The alignment keys are etched into the top of the cap 

12 20 wafer. The MEMS cavities 110 and cut capture cavities 120 are etched into the 
bottom of the wafer using a deep reactive ion etch process. The MEMS cavities 
110 and cut capture cavities 120 are typically etched to a depth between 100 and 
150 microns. The cut capture cavities 120 are typically formed as "picture 
frames" around the MEMS cavities 110. The cap walls 130, which are the 
25 unetched areas between the MEMS cavities 110 and the cut capture cavities 120, 
are typically between 125 and 150 um wide. 

After the MEMS cavities 110 and cut capture cavities 120 are formed, a 
bonding material is typically formed onto the bottom of the cap walls 130. The 
30 bonding material is used in subsequent processes to bond the caps onto the 
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MEMS devices. The present invention is in no way limited to any particular 
bonding material or to any particular technique for forming the bonding material 
onto the bottom of the cap walls 130. In an exemplary embodiment of the 
present invention, the bonding material is a glass material that is formed by 
5 screen printing a glass frit onto the bottom of the cap walls 130, burning off the 
organic compounds of the glass frit, and glazing the remaining glass material. 
Glass is a good bonding material because it provides a hermetic seal and it is not 
electrically conductive. Other exemplary bonding materials include polymeric 
materials (thermoplastics and thermosets) and solders, to name but a few. 

10 

In an exemplary embodiment of the present invention, the cap wafer is 
S bonded to the MEMS wafer with a borosilicate glass. The glass is typically one 
3 that is commonly known as Ferro 1 1-036. The glass is typically purchased as a 
f 0 paste, which is screen-printed onto the bottom of the cap walls 130 of the cap 
^ 15 wafer. The width of the screen-printed glass is typically 25 microns less than the 
W width of the cap walls 130. The thickness of the glass paste after screen-printing 
M is approximately 20-30 urn. The glass paste is subjected to a glazing process to 
f y burn off the organic binder materials and consolidate the glass by melting it. The 
2 glaze process consists of approximately 10 minutes at 420 C in clean dry air. 

M= 20 After glazing, the thickness of the glass is approximately 12 urn. 

FIG. 3 is a cross-sectional view of the cap structure 100 showing the 
bonding material 310 formed onto the bottom of the cap walls 130. 

25 After the bonding material is formed onto the bottom of the cap walls 130, 

the cap structure 100 is bonded to the MEMS structure. This is typically done 
under pressure at a process temperature that is high enough to melt the glass 
bonding material. This produces a hermetic seal around the capped MEMS 
components. 
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In an exemplary embodiment of the present invention, the bonding is 
completed in a commercially available wafer bonding system. In order to bond 
the cap structure onto the MEMS structure, the cap and MEMS wafers are 
aligned, brought into contact and subjected to a temperature of 450 C with an 
applied load of 3 atmospheres for approximately 10 minutes. The chamber 
ambient typically contains at least 10 ppm of oxygen. 

FIG. 4 is a cross-sectional view of the cap structure 100 bonded to the 
MEMS structure 400. 

After the cap structure 100 is bonded to the MEMS structure 400, the cut 
capture cavities 120 are typically filled with a protective material, such as wax, in 
order to protect exposed MEMS components from damage during subsequent 
cutting (described below). The protective material can be introduced into the cut 
capture cavities 120, for example, using an injection or capillary filling technique. 
The present invention is in no way limited to any particular protective material 
or to any particular technique for filling the cut capture cavities 120 with the 
protective material. 

In an exemplary embodiment of the present invention, the cut capture 
cavities 120 are filled with wax using a capillary filling technique. Specifically, 
after bonding, the bonded wafer stack is mounted on a standard wafer dicing 
film frame using a UV releasable dicing tape. A metal ring with an inner 
diameter larger than the wafer and an outer diameter narrower than the inside of 
the film frame is centered around the wafers. Approximately 15-20 grams of 
paraffin wax is placed inside the outer ring on the dicing tape. The entire film 
frame is placed in a vacuum oven. The pressure inside of the oven is reduced to 
less than 15 torr and the temperature inside the oven is increased to 80 C for 90 
minutes. At the end of this time, the pressure in the chamber is returned to 
atmospheric pressure and the wafers are returned to room temperature. The 



2550-1 17-174090 (APD2004-1-US) 
10/23/01 

wafer is removed from the film frame. Any wax on the top of the cap wafer or 
the bottom of the MEMS wafer is removed with an alcohol wipe and the wafer 
stack is placed on a second, identical film frame. 

5 FIG. 5 is a cross-sectional view of the cap structure 100 bonded to the 

MEMS structure 400, with the cut capture cavities 120 filled with a protective 
material 510. 

After the cut capture cavities 120 are filled with the protective material 
10 510, the caps are trimmed by cutting through to the cut capture cavities 120 from 
the top of the cap structure 100 so that the cutting apparatus does not cut all the 
U way through to the MEMS structure 400. The caps can be trimmed using a 
H variety of techniques, including precision cutting or grinding techniques, laser 
S techniques, or etching techniques. The present invention is in no way limited to 
%0 15 any particular technique for cutting through to the cut capture cavities 120. 

3 'rri 
'i'i i 

IM 

In an exemplary embodiment of the present invention, the caps are 
O trimmed using a precision grinding technique. Specifically, the caps are trimmed 
[J by grinding through the cap wafer from the top-side to the cut capture cavities 

H 20 120. Alignment is achieved with the alignment keys fabricated in the top of the 
cap wafer. The grinding wheel is selected to be about 150 urn wide. During 
cutting, the center of the wheel is aligned to the center of the cut capture cavities 
120. The cut depth is selected so that the dicing blade cuts approximately 25 um 
beyond the bottom of the cut capture cavities 120. The wheel rotates at a speed 
25 of approximately 12,000 RPM and the work speed is approximately 12 

inches /minute. Water with a standard surfactant is used for lubrication and 
cooling. 

After the caps are trimmed, the excess cap material is removed. Because 
30 the caps are not cut through their entire depth, it is common for the excess cap 
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material to come off in one contiguous piece, making it easy to remove the excess 
cap material. The residual protective material is also removed using an 
appropriate cleaning technique. 

In an exemplary embodiment of the present invention, the wafer is 
removed from the film frame and placed in a commercially available solvent for 
paraffin wax, such as a solvent commonly known as Opticlear®, for a period of 
at least 2 hours. During this period, the portions of the cap wafer that are not 
bonded to the product wafer are removed from the capped assembly. Next, the 
wafer is placed in an ultrasonic bath of Opticlear S® that is heated to 70 C for 
two hours. The wafer is then rinsed in isopropanol for five minutes and in 
deionized water for five minutes. Finally the wafer is washed in a spin rinse 
drier for final cleaning. 

It should be noted that, following this trimming of the caps, the MEMS 
structure 400 is intact, with individual caps bonded appropriately over the 
MEMS components. 

FIG. 6 is a cross-sectional view showing the intact MEMS structure 400 
with individual caps 610 bonded appropriately over the MEMS components (not 
shown for convenience). 

The capped MEMS structure 400 can be subsequently cut into individual 
capped MEMS devices. 

FIG. 7 is a process diagram describing an exemplary process 700 for 
producing capped MEMS devices in accordance with an embodiment of the 
present invention. Beginning in block 702, the MEMS components for multiple 
MEMS devices are formed on a MEMS wafer, in block 704. MEMS cavities and 
cut capture cavities for multiple caps are formed on a cap wafer, in block 706. 
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The cap wafer is bonded onto the MEMS wafer, in block 708. The cut capture 
cavities are typically filled with a protective material, in block 710. The caps are 
trimmed, in block 712, by cutting through to the cut capture cavities from the top 
of the cap wafer. Residual protective material is removed, in block 714. The 
5 process terminates in block 799. 

It should be noted that the present invention is in no way limited to any 
particular shape or formation of MEMS cavities 110 or cut capture cavities 120. 
FIG. 8 shows one exemplary alternative cap structure 800. FIG. 9 shows another 
10 exemplary alternative cap structure 900. 

M It should be noted that the cap structure 100 is an embodiment of the 

C3 

f 3 present invention unto itself. 

13 

?! ! 

: 2,4 

;=0 15 Thus, the present invention may be embodied as a method for capping a 

|y Micro-Electromechanical System (MEMS) device. The method involves forming 
L a cap structure having a bottom side with at least a MEMS cavity, a cut capture 
if. cavity surrounding the MEMS cavity, and a cap wall, the cap wall forming an 

ly outer wall of the MEMS cavity and an inner wall of the cut capture cavity; 
| S fc 20 bonding the cap wall onto a MEMS structure; and cutting through to the cut 
capture cavity from a top side of the cap structure to form a cap. Forming the 
cap structure may involve forming the MEMS cavity and the cut capture cavity 
into the bottom side of the cap structure, for example, by etching the MEMS 
cavity and the cut capture cavity into the bottom side of the cap structure. 
25 Forming the cap structure may involve forming the cap wall onto the bottom 

side of the cap structure with the cap wall forming the outside wall of the MEMS 
cavity and the inside wall of the cut capture cavity, for example, by depositing a 
cap wall material onto the bottom side of the cap structure to form the cap wall. 
Bonding the cap wall onto the MEMS structure may involve applying a bonding 
30 material to a bottom side of the cap wall and bonding the bottom side of the cap 
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wall onto the MEMS structure. The bonding material may be a glass material 
that is applied to the bottom side of the cap wall by screen printing a glass frit 
material onto the bottom side of the cap wall, burning off organic compounds of 
the glass frit material, and glazing the remaining glass frit material to form the 
glass material, in which case the bottom side of the cap wall may be bonded onto 
the MEMS structure by bonding the bottom side of the cap wall onto the MEMS 
structure under pressure at a temperature sufficient to melt the glass material. 
The cut capture cavity may be filled with a protective material such as wax prior 
to cutting through to the cut capture cavity from the top side of the cap structure 
to form the cap in order to protect the uncapped MEMS components, in which 
case residual protective material is removed after cutting through to the cut 
capture cavity from a top side of the cap structure to form the cap. Cutting 
through to the cut capture cavity from the top side of the cap structure to form 
the cap may involve cutting through to the cut capture cavity from the top side 
of the cap structure any of a variety of techniques, including a precision cutting 
technique, a precision grinding technique, a laser technique, or an etching 
technique. The cap structure may be composed of a silicon material. 

The present invention may also be embodied as an apparatus for capping 
a Micro-Electromechanical System (MEMS) device, the apparatus comprising a 
bottom side with at least a MEMS cavity, a cut capture cavity surrounding the 
MEMS cavity, and a cap wall, the cap wall forming an outer wall of the MEMS 
cavity and an inner wall of the cut capture cavity. The MEMS cavity and cut 
capture cavity may be recessed into the bottom side, or the cap wall may be built 
upon the bottom side so as to form the outside wall of the MEMS cavity and the 
inside wall of the cut capture cavity. 

The present invention may also be embodied as a capped Micro- 
Electromechanical System (MEMS) device produced by the process of forming a 
cap structure having a bottom side with at least a MEMS cavity, a cut capture 
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cavity surrounding the MEMS cavity, and a cap wall, the cap wall forming an 
outer wall of the MEMS cavity and an inner wall of the cut capture cavity; 
bonding the cap wall onto a MEMS structure; and cutting through to the cut 
capture cavity from a top side of the cap structure to form a cap. 

The present invention may be embodied in other specific forms without 
departing from the true scope of the invention. The described embodiments are 
to be considered in all respects only as illustrative and not restrictive. 
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